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A SEMICONDUCTOR DEVICE 



BACKGROUND OF THE INVENTION 

The present invention relates to a semiconductor 
device. Particularly, the invention is concerned with a 
technique effective in its application to a semiconductor 
device wherein two semiconductor chips are stacked and 
sealed with a single resin seal member. 

A semiconductor device called MCP (Multi Chip 
Package) is known. Various structures of MCP type 
semiconductor devices have been developed and 
commercialized, among which one comprising two 
semiconductor chips stacked and incorporated in a single 
package is most popular. For example, in Japanese 
Unexamined Patent Publication No. Hei 2(1990}- 5455 (prior 
art literature 1) there is disclosed an MCP type 
semiconductor device wherein a chip for EEPROM 
(Electrically Erasable Programmable Read Only Memory) which 
contains a non-volatile memory unit as a memory chip is 
stacked on a chip for a microcomputer which contains a 
processor unit adapted to operate in accordance with a 
program, and these two chips are sealed with a single resin 
seal member. In the prior art literature 1 is disclosed a 
technique wherein a chip for a microcomputer and leads 
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arranged around the microcomputer chip are electrically 
connected with each other by bonding wires, while an 
electrical connection between the microcomputer chip and 
the EEPROM chip is made by bumps. 

In Japanese Unexamined Patent Publication No. Hei 
5 (1993) -343609 (prior art literature 2) is disclosed an MCP 
type semiconductor device wherein a bipolar chip which 
contains a circuit consisting mainly of a bipolar 
transistor is stacked on a CMOS (Complementary MPS ) chip 
which contains a circuit consisting mainly of a MOSFET 
(Metal Qxide Semiconductor Eield Effect Xransistor) and 
these two chips are sealed with a single resin seal member. 
In the prior art literature 2 is disclosed a technique 
wherein an electrical connection between the CMOS chip and 
leads arranged around the CMOS chip is made using bonding 
wires, and an electrical connection between the CMOS chip 
and the bipolar chip is made using bonding wires. 

SUMMARY OF THE INVENTION 

There is an increasing demand for a semiconductor 
device having a microcomputer chip and an EEPROM chip both 
incorporated in a single package. In the course of 
developing a semiconductor device wherein an EEPROM chip is 
stacked on a microcomputer chip and these two chips are 
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sealed with a single resin seal member, the present 
inventors found out the following problems. 
(1) In case of incorporating a microcomputer chip and an 
EEPROM chip into a single package, it is necessary to make 
an electrical connection between both chips. By providing 
leads for the microcomputer for electrical connection with 
bonding pads of the microcomputer chip and also providing 
leads for the EEPROM for electrical connection with bonding 
pads of the EEPROM chip and by electrically connecting the 
microcomputer leads and the EEPROM leads with each other 
using wiring lines on a mounting substrate which is used at 
the time of mounting the semiconductor device, it is 
possible to make an electrical connection between the 
microcomputer chip and the EEPROM chip. In this case, 
however, it is necessary to newly develop a lead frame for 
each type of a microcomputer chip, thus resulting in an 
increase in the manufacturing cost of the semiconductor 
device . 

On the other hand, in the prior art literature 1 is 
disclosed a method wherein bonding pads for electrical 
connection with leads are formed on peripheral edges of a 
circuit-formed surface of a chip for a microcomputer, while 
in a central area of the circuit-formed surface of the 
microcomputer chip are formed bonding pads for electrical 
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connection with bonding pads of a chip for an EE PROM, and 
there is made an electrical connection between the two. In 
this case, a lead frame developed in conformity with the 
microcomputer chip can be used as it is and hence it is not 
necessary to newly develop a lead frame for each type of a 
microcomputer chip. But it is necessary to develop a 
microcomputer chip provided with EEPROM bonding pads for 
each type of a microcomputer chip, so that the 
manufacturing cost of the semiconductor device increases. 
(2) In the prior art literature 2 is disclosed a method 
wherein an electrical connection between bonding pads for 
leads formed on peripheral edges of a circuit-formed 
surface of a CMOS chip and leads disposed along the 
periphery of the CMOS chip is made using bonding wires, and 
an electrical connection between bonding pads formed on a 
circuit-formed surface of a bipolar chip and a bipolar 
bonding pads formed in a central area of the circuit-formed 
surface of the CMOS chip is made using bonding wires. 

In the wire bonding process, the position of a 
semiconductor chip is checked using a CCD (Charge Coupled 
Device) camera, then the positions of bonding pads are 
recognized on the basis of such position data, and 
thereafter wire bonding is performed. In case of two chips 
being stacked, the position of an upper chip is detected by 
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bringing an optical lens of the CCD camera into focus with 
a lower chip. Therefore, if the upper chip is thick, the 
focusing range exceeds the depth of field of the optical 
lens, so that the image of the upper chip blurs. In the 
event the upper chip image blurs, there occurs an error in 
the detection of the upper chip position, thus causing an 
error also in the detection of bonding pad positions. 
Consequently, there occurs a connection defect between 
bonding pads of the upper chip and bonding wires, with 
consequent lowering in yield of the semiconductor device. 
This problem becomes more and more conspicuous as the 
external size of each bonding pad becomes smaller. 

It is an object of the present invention to provide a 
technique capable of reducing the cost of a semiconductor 
device . 

It is another object of the present invention to 
provide a technique capable of improving the manufacturing 
yield of a semiconductor device. 

The above and other objects and novel features of the 
present invention will become apparent from the following 
description and the accompanying drawings. 

The following are brief descriptions of typical 
inventions disclosed herein. 
(1) A semiconductor device comprising: 
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a first semiconductor chip having on one main surface 
thereof a control circuit, a first bonding pad, and a 
plurality of second bonding pads; 

a second semiconductor chip having on one main 
surface thereof a memory circuit and a third bonding pad 
and disposed on the one main surface of the first 
semiconductor chip, the memory circuit being controlled in 
accordance with a control signal generated in the control 
circuit on the first semiconductor chip; 

a first lead having an inner lead portion and an 
outer lead portion integral with the iner lead portion, the 
inner lead portion being disposed at a position around the 
first semiconductor chip; 

a plurality of second leads each having an inner lead 
portion and an outer lead portion integral with the inner 
lead portion, the inner lead portion being disposed at a 
position around the first semiconductor chip; 

a first bonding wire for connecting the first bonding 
pad on the first semiconductor chip with the inner lead 
portion of the first lead; 

a plurality of second bonding wires for connecting 
the plural second bonding pads on the first semiconductor 
chip with the inner lead portions of the plural second 
leads ; 
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a third bonding wire for connecting the third bonding 
pad on the second semiconductor chip with the inner lead 
portion of the first lead; and 

a resin seal member for sealing the first and second 
semiconductor chips, the first, second and third bonding 
wires, and the inner lead portions of the first and second 
leads, 

wherein the control signal generated in the control 
circuit is outputted from the first bonding pad on the 
first semiconductor chip and is inputted to the third 
bonding pad on the second semiconductor chip through the 
first bonding wire, the first lead and the third bonding 
wire . 

(2) In the semiconductor device described in the above 
means (1), the second semiconductor chip is formed in a 
plane size smaller than that of the first semiconductor 
chip . 

(3) In the semiconductor device described in the above 
means (1), another main surface of the second semiconductor 
chip opposed to the one main surface thereof is disposed on 
the one main surface of the first semiconductor chip in an 
opposed relation to the one main surface of the first 
semiconductor chip. 

(4) In the semiconductor device described in the above 
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means (1) , the first and third bonding wires are connected 
to one and same surface of the first lead. 
(5) A semiconductor device comprising: 

a first semiconductor chip having first and second 
main surfaces opposed to each other, with a plurality of 
bonding pads being formed on the first main surface; 

a second semiconductor chip having first and second 
main surfaces opposed to each other, with a plurality of 
bonding pads being formed on the first main surface, the 
second main surface being disposed on the first 
semiconductor chip in an opposed relation to the first main 
surface of the first semiconductor chip, the second 
semiconductor chip having a plane size smaller than the 
first semiconductor chip; 

a plurality of leads each having an inner lead 
portion and an outer lead portion integral with the inner 
lead portion, the inner lead portion being disposed at a 
position around the first semiconductor chip; 

a plurality of bonding wires for connecting the 
plural bonding pads on the first and second semiconductor 
chips with the inner lead portions of the plural leads; and 

a resin seal member for sealing the first and second 
semiconductor chips, the inner lead portions of the plural 
leads, and the plural bonding wires, 
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wherein the second semiconductor chip is thinner than 
the fist semiconductor chip. 

(6) In the semiconductor device described in the above 
means (5), the second semiconductor chip is bonded to the 
first main surface of the first semiconductor chip through 
an adhesive layer. 

(7) In the semiconductor device described in the above 
means (6), the adhesive layer is formed by a resin film. 

(8) In the semiconductor device described in the above 
means (6), the distance from the first main surface of the 
first semiconductor chip to the second main surface of the 
second semiconductor chip is smaller than the thickness of 
the first semiconductor chip. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic plan view of a semiconductor 
device according to the first embodiment of the present 
invention, with an upper portion of a resin seal member 
removed; 

Fig. 2 is a schematic sectional view substantially 
taken along line a-a in Fig. 1; 

Fig. 3 is a schematic sectional view substantially 
taken along line b-b in Fig. 1; 

Fig. 4 is a schematic sectional view substantially 
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taken along line c-c in Fig. 1; 

Fig. 5 is a schematic sectional view substantially 
taken along line d-d in Fig. 1; 

Fig. 6 is a partially enlarged, schematic sectional 
view of Fig. 4; 

Fig. 7 is a schematic plan view showing a stacked 
state of two semiconductor chips (a microcomputer chip and 
an EEPROM chip) in the first embodiment; 

Fig. 8 is a plane layout diagram of the EEPROM chip 
in the first embodiment; 

Fig. 9 is a system block diagram of the semiconductor 
device of the first embodiment; 

Fig. 10 is a schematic plan view of a lead frame used 
in the manufacture of the semiconductor device of the first 
embodiment ; 

Fig. 11 is a schematic plan view for explaining a 
chip bonding process in the manufacture of the 
semiconductor device of the first embodiment ; 

Fig. 12 is a schematic plan view for explaining the 
chip bonding process; 

Fig. 13 is a schematic sectional view for explaining 
the chip bonding process, in which (A) is a schematic 
sectional view for explaining the chip bonding process, in 
which (A) is a schematic sectional view at a position 
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approximately corresponding to line a-a in Fig. 1 and (B) 
is a schematic sectional view at a position approximately 
corresponding to line c-c in Fig. 1; 

Fig. 14 is a schematic plan view for explaining a 
wire bonding process in the manufacture of the 
semiconductor device of the first embodiment; 

Fig. 15 is a schematic sectional view for explaining 
the wire bonding process; 

Fig. 16 is a schematic sectional view for explaining 
a resin seal member forming process in the manufacture of 
the semiconductor device of the first embodiment; 

Fig. 17 is a partially enlarged schematic sectional 
view of Fig. 14; 

Fig. 18 is a schematic sectional view showing a wire 
connected state using another microcomputer chip; 

Fig. 19 is a schematic plan view showing a stacked 
state of two semiconductor chips (a microcomputer chip and 
an EEPROM chip) according to a modification of the first 
embodiment ; 

Fig. 20 is a schematic sectional view of a principal 
portion of a semiconductor device according to the second 
embodiment of the present invention; 

Fig. 21 is a schematic plan view showing a stacked 
state of two semiconductor chips (a microcomputer chip and 
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an EE PROM chip) in the second embodiment; 

Fig. 22 is a schematic sectional view of a 
semiconductor device according to the third embodiment of 
the present invention; 

Fig. 23 is a partially enlarged, schematic sectional 
view of Fig. 22; and 

Fig. 24 is a schematic plan view of a principal 
portion showing a wire connected state in the third 
embodiment . 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

The present invention will be described hereinunder 
by way of embodiments thereof in which the invention is 
applied to a QFP (Quad Flatpack Package) type semiconductor 
device. In the drawings for illustrating the embodiments, 
components having the same functions are identified by the 
same reference numerals, and repeated explanations thereof 
will be omitted. 
(First Embodiment) 

Fig. 1 is a schematic plan view of a semiconductor 
device according to the first embodiment of the present 
invention, with an upper portion of a resin seal member 
removed; 

Fig. 2 is a schematic sectional view approximately 
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taken along line a-a in Fig. 1; 

Fig. 3 is a schematic sectional view approximately 
taken along line b-b in Fig. 1; 

Fig. 4 is a schematic sectional view approximately 
taken along line c-c in Fig. 1; 

Fig. 5 is a schematic sectional view approximately 
taken along line d-d in Fig. 1; 

Fig. 6 is a partially enlarged, schematic sectional 
view of Fig. 4; 

Fig. 7 is a schematic plan view showing a stacked 
state of two semiconductor chips (a microcomputer chip and 
an EE PROM chip) incorporated in the semiconductor device; 

Fig. 8 is a plane layout diagram of the EEPROM chip; 

and 

Fig. 9 is a system block diagram of the semiconductor 
device . 

Figs. 2 to 5 are schematic sectional views in which 
the respective cutting plane lines are partially bent so 
that bonding wires and the two semiconductor chips can be 
seen . 

According to the construction of a QFP type 
semiconductor device 30A of this embodiment, as shown in 
Figs. 1 to 5, two semiconductor chips (a microcomputer chip 
10 and an EEPROM chip 20) are stacked up and down and 
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sealed with a single resin seal member 17. 

The microcomputer chip 10 and the EEPROM chip 20 are 
formed in different plane sizes (external dimensions) and 
each in a quadrangular plane shape. In this embodiment, 
the microcomputer chip 10 is formed in a rectangular plane 
shape of 4.05 [mm] x 4.15 [mm] and the EEPROM chip 20 is 
formed in a rectangular plane shape of 1.99 [mm] x 1.23 
[mm] . Thus, the plane size of the EEPROM chip 20 is 
smaller than that of the microcomputer chip 10. The plane 
size means the size of a circuit-formed surface to be 
described later. The EEPROM chip 20 is smaller in the area 
of the circuit-formed surface than the microcomputer chip 
10. 

The microcomputer chip 10 and the EEPROM chip 20 are 
each provided with a semiconductor substrate formed by say 
a single crystal silicon, a multi-layer interconnection 
comprising plural stages of insulating layers and wiring 
layers which are formed on a circuit-formed surface of the 
semiconductor substrate, and a surface protecting film (a 
final protecting film) formed so as to cover the multi- 
layer interconnection. 

The microcomputer chip 10 has a circuit-formed 
surface (one main surface) 10A and a back side (another 
main surface) opposite to each other, with plural bonding 
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pads 11 being formed on the circuit-formed surface 10A. 
The plural bonding pads 11 are formed on the top wiring 
layer in the multi-layer interconnection on the 
microcomputer chip 10. The top wiring layer is coated with 
the overlying surface protecting film and a bonding opening 
is formed in the surface protecting film for allowing 
surfaces of the bonding pads to be exposed. 

Likewise, the EEPROM chip 20 has a circuit-formed 
surface (one main surface) 20A and a back side (another 
main surface) opposite to each other, with plural bonding 
pads 11 being formed on the circuit-formed surface 20A. 
The plural bonding pads 21 are formed on the top wiring 
layer in the multi-layer interconnection on the EEPROM chip 
20. The top wiring layer is coated with the overlying 
surface protecting film and a bonding opening is formed in 
the surface protecting film for allowing the bonding pads 
21 to be exposed. 

The bonding pads 11 on the microcomputer chip 10 and 
the bonding pads 21 on the EEPROM chip 20 are formed each 
in a square plane shape of say 65 [/um] x 65 [ n m] . 

As shown in Figs. 1 and 7, the plural bonding pads 11 
on the microcomputer chip 10 are arranged along four sides 
(two long sides (10A1, 10A2) opposed to each other and two 
short sides (10A3, 10A4) opposed to each other) of the 
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microcomputer chip. Likewise, the plural bonding pads 21 
on the EEPROM chip 20 are arranged along four sides (two 
short sides (20A1, 20A2) opposed to each other and two long 
sides (20A3, 20A4) opposed to each other) of the EEPROM 
chip . 

As shown in Figs. 1 to 5, the EEPROM chip 20 is 
disposed on and is bonded and fixed to the circuit-formed 
surface 10A of the microcomputer chip 10 through an 
adhesive layer 15 in a state such that the back side as 
another main surface of the EEPROM chip 20 is opposed to 
the circuit-formed surface 10A of the microcomputer chip 10. 
In this embodiment, a polyimide-based bonding resin film is 
used as the adhesive layer. 

The microcomputer 10 is bonded and fixed to a die pad 
5 through an adhesive layer in a state such that the back 
side thereof is opposed to the die pad 5. Four suspension 
leads 6 are integral with the die pad 5 and a support 
member 4 is constituted by the die pad 5 and the four 
suspension leads 6. 

The resin seal member 17 is formed in a quadrangular 
plane shape. In this embodiment, the resin seal member 17 
is formed in a square plane shape of 10 [mm] x 10 [mm] . 
For the purpose of diminishing stress, the resin seal 
member 17 is formed, for example, by an epoxy resin 
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containing a phenol curing agent, a silicone rubber and a 
filler. For forming the resin seal member 17 there is 
adopted a transfer molding method which is suitable for 
mass production. According to the transfer molding method, 
a molding die provided with a pot, a runner, an inlet gate, 
and a cavity, is used and resin is poured into the cavity 
from the pot through the runner and the inlet gate to form 
the resin seal member. 

Plural leads 2 are arranged around the microcomputer 
chip 10 along the four sides of the resin seal member 17. 
Each of the plural leads 2 has an inner lead portion and an 
outer lead portion integral with the inner lead portion. 
The inner lead portion of each lead 2 is positioned in the 
interior of the resin seal member 17, while the outer lead 
portion is positioned in the exterior of the resin seal 
member. Thus, the plural leads 2 extend over both interior 
and exterior of the resin seal member 17. The outer lead 
portion of each lead 2 is bent, for example, in a gull wing 
shape which is one of surface-mounted type lead shapes. 

As shown in Fig. 9, the microcomputer chip 10 
comprises a processor unit (CPU) 12, a ROM unit 13, a RAM 
unit 14, a timer unit 15, an A/D converter unit 16, a 
serial communication interface unit 17, and a data 
input/output circuit unit (I/O), which are mounted on one 
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and same substrate. These units are interconnected through 
a data bus 18A and an address bus 18B. The processor unit 
13 is mainly composed of a central processing section, a 
control circuit section, and an arithmetic circuit section. 
The microcomputer chip 10 thus constructed operates in 
accordance with a program. 

The EEPROM chip 20 comprises a serial communication 
interface unit 23 and a non-volatile memory unit 24 both 
mounted on one and same substrate. 

The EEPROM chip 20 has a bonding pad 21A for serial 
data (SDA) and a bonding pad 21B for serial clock (SCL) , 
which are signal terminals, among the plural bonding pads 
21. Likewise, the microcomputer chip 10 has a bonding pad 
11A for serial data (SDA) and a bonding pad 11B for serial 
clock (SCL) , which are signal terminals, among the plural 
bonding pads 11. The bonding pad 21A on the EEPROM chip 20 
is electrically connected to the bonding pad 11A for SDA on 
the microcomputer chip 10 through a signal transfer path 
25A, and the bonding pad 21B for SCL on the EEPROM chip 20 
is electrically connected to the bonding pad 11B for SCL on 
the microcomputer chip 20 through a signal transfer path 
25B. In accordance with operation of the microcomputer 
chip 10, serial data are written into the non-volatile 
memory unit 24 in the EEPROM chip 20. More specifically, 
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write and read operations of the non-volatile memory unit 
(memory circuit) 24 in the EE PROM chip 20 are controlled in 
accordance with control signals provided from the processor 
unit (control circuit) 12 in the microcomputer chip 10. 
The signal transfer paths 25A and 25B are composed of inner 
lead portions of leads and two bonding wires. 

As shown in Fig. 8, the plural bonding pads 21 on the 
EEPROM chip 20 include the bonding pad 21A for SDA, the 
bonding pad 21B for SCL, a bonding pad 21C for VCC as a 
power supply terminal to which a first potential (say 5 [V] ) 
is applied, and a bonding pad 21D for VSS as a power supply 
terminal to which a second potential (say 0 [V] ) is applied. 
The bonding pad 21A for SDA, the bonding pad 21B for SCL, 
the bonding pad 21C for VCC, and the bonding pad 21D for 
VSS are provided each in a plural number. 

Plural bonding pads 21A for SDA and bonding pads 21B 
for SCL are arranged along a side 20A1 of the EEPROM chip 
20. Plural bonding pads 21C for VCC and bonding pads 21D 
for VSS are arranged mainly along sides 20A2, 20A3 and 20A4 
of the EEPROM chip 20. 

Plural bonding pads 21A for SDA and 21B for SCL are 
divided into two groups, and in these two pad groups each 
bonding pad 21B for SCL is disposed between two bonding 
pads 21A for SDA. Bonding pads 21C for VCC and 21D for VSS 
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are disposed between the two pad groups. 

Plural bonding pads 21C for VCC and 21D for VSS are 
mainly arranged in an alternate manner. 

Plural bonding pads 21A for SDA are electrically 
interconnected through an internal wiring line 22A on the 
EEPROM chip 20, plural bonding pads 21B for SCL are 
electrically interconnected through an internal wiring line 
22B on the EEPROM chip 20, plural bonding pads 21C for VCC 
are electrically interconnected through an internal wiring 
line 22C on the EEPROM chip 20, and plural bonding pads 21D 
for VSS are electrically interconnected through an internal 
wiring line 22D on the EEPROM chip 20. 

As shown in Figs. 1 to 5, plural bonding pads 11 on 
the microcomputer chip 10 are electrically connected 
respectively to inner lead portions of plural leads 2 
through bonding wires 16. 

In the EEPROM chip 20, one of the plural bonding pads 
21 for VSS is electrically connected through a bonding wire 
16 to an innner lead portion of a lead 2D which is 
electrically connected to a bonding pad 11D for VSS out of 
plural bonding pads 11 on the microcomputer chip 10 (see 
Fig. 2). One of the plural bonding pads 21C for VCC is 
electrically connected through a bonding wire 16 to an 
inner lead portion of a lead 2C which is electrically 
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connected to a bonding pad 11C for VCC out of plural 
bonding pads 11 on the microcomputer chip 10 (see Fig. 3) . 
One of plural bonding pads 21A for SAD is electrically 
connected through a bonding wire 16 to an inner lead 
portion of a lead 2A which is electrically connected to a 
bonding pad 11A for SAD out of plural bonding pads 11 on 
the microcomputer chip 10 (see Fig. 4) . Further, one of 
plural bonding pads 21B for SCL is electrically connected 
through a bonding wire 16 to an inner lead portion of a 
lead 2B which is electrically connected to a bonding pad 
11B for SCL out of plural bonding pads 11 on the 
microcomputer chip 10 (see Fig. 5) . 

Thus, an electrical connection between the 
microcomputer chip 10 and the EEPROM chip 20 is made by an 
inner lead portion of a lead 2 and two bonding wires 16. 
Such a configuration permits the use of a lead frame as it 
is which has been developed in conformity with the 
microcomputer chip 10. Therefore, it is not necessary to 
newly develop a lead frame for each type of a microcomputer 
chip 10, nor is it necessary to develop each type of a 
microcomputer chip having bonding pads for EEPROM which are 
for electrical connection with the EEPROM chip 20. 

A serial data signal is outputted from the bonding 
pad 11A for SDA on the microcomputer chip 10 and is 
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inputted to the bonding pad 21A for SDA on the EE PROM chip 
20 through bonding wire 16, lead 2, and bonding wire 16. A 
serial clock signal is outputted from the bonding pad 11B 
for SCL on the microcomputer chip 10 and is inputted to the 
bonding pad 21B for SCL on the EEPROM chip 20 through 
bonding wire 16, lead 2, and bonding wire 16. 

A bonding wire for connection between a bonding pad 
11 on the microcomputer chip 10 and a lead 2 is connected 
on one end side to the bonding pad 11 on the microcomputer 
chip 10 and on the opposite end side to the inner lead 
portion of the lead 2. A bonding wire 16 for connection 
between a bonding pad 21 on the EEPROM chip 20 and a lead 2 
is connected one end side to the bonding pad 21 on the 
EEPROM chip 20 and on the opposite end side to the inner 
lead portion of the lead 2. The opposite end sides of 
these bonding wires 16 are connected to the same sides of 
the leads 2 . 

As shown in Fig. 7, the EEPROM chip 20 is disposed on 
the circuit-formed surface 20A of the EEPROM chip 20 in 
such a manner that the position of a central point (central 
coordinate point) P2 of the EEPROM chip 20 is deviated from 
a central point (central coordinate point) PI of the 
microcomputer chip 10. This is for the purpose of 
shortening the length of bonding wire 16. The central 
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point of the microcomputer chip 10 indicates a point at 
which an X-X center line 10X extending in the same 
direction as the side 10A1 of the microcomputer chip 10 and 
a Y-Y center line 10Y orthogonal to the X-X center line 10X 
cross each other. The central point P2 of the EEPROM chip 
20 indicates a point at which an X-X center line 20X 
extending in the same direction as the side 20A1 of the 
EEPROM chip 20 and a Y-Y center line 20Y orthogonal to the 
X-X center line 20X cross each other. The central point PI 
of the microcomputer chip 10 is also an intersecting point 
of diagonal lines on the square microcomputer chip 10. 
Likewise, the central point P2 of the EEPROM chip 20 is 
also an intersecting point of diagonal lines on the square 
EEPROM chip 20. 

In this embodiment, the bonding pad 11C for VCC and 
bonding pad 11D for VSS on the microcomputer chip 10 are 
disposed on the side 10A3 of the microcomputer chip 10, 
while the bonding pad 11A for SDA and bonding pad 11B for 
SCL on the microcomputer chip 10 are dispose don the side 
10A1 of the microcomputer chip 10, so the central point P2 
of the EEPROM chip 20 is positioned on the 10A3 and 10A1 
sides of the microcomputer chip 10 with respect to the 
central point PI of the microcomputer chip 10. In this 
embodiment, the central point P2 of the EEPROM chip 20 is 
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deviated, for example, about 100 to 150 [/im] to each of 
the sides 10A3 and 10A1 of the microcomputer chip 10 with 
respect to the central point Pi of the microcomputer chip 
10, whereby it is possible to shorten the length of the 
bonding wires which connect the bonding pads 21C, 21D, 21A, 
and 21B for VCC, VSS, SDA, and SCL, respectively, on the 
EEPROM chip 20 with leads. 

In setting the deviation of the EEPROM chip 20 with 
respect to the microcomputer chip 10, it is necessary to 
take into account the flowing of resin which is poured into 
the cavity at the time of forming a resin seal member in 
accordance with the transfer molding method. 

As shown in Fig. 6, the thickness T2 of the EEPROM 
chip 20 is smaller than the thickness Tl of the 
microcomputer chip 10. The distance L from the circuit- 
formed surface 10A of the microcomputer chip 10 to the 
circuit-formed surface 20A of the EEPROM chip 20 is smaller 
than the thickness Tl of the microcomputer chip 10. In 
this embodiment, the thickness Tl of the microcomputer 10 
is set at say 280 [/zm], the thickness T2 of the EEPROM 
chip 20 is set at say 200-250 [jam], and the thickness of 
the adhesive layer 15 is set at say 25 [ /im] . 

Now, with reference to Fig. 10, the following 
description is provided about the lead frame used in the 
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manufacture of the semiconductor device 30A. Fig. 10 is a 
schematic plan view of the lead frame. Actually, the lead 
frame is of a multi-frame structure so as to permit the 
manufacture of plural semiconductor devices. To let the 
drawing easier to see, Fig. 10 illustrates an area of one 
semiconductor device to be manufactured. 

As shown in Fig. 10, a lead frame LF comprises plural 
leads 2 and a support member 4 in a lead arrangement area 
defined by a frame body (frame) 1. The support member 4 
has a die pad 5 and four suspension leads 6 formed 
integrally with the die pad 5. The die pad 5 is formed so 
that a central point P3 thereof is positioned at a central 
point of the lead arrangement area. The central point of 
the lead arrangement area indicates a point at which an X-X 
center line in X direction in the lead arrangement area and 
a Y-Y center line orthogonal to the X-X center line 
intersect each other. The central point P3 of the die pad 
5 indicates a point at which an X-X center line in X 
direction of the die pad and a Y-Y center line orthogonal 
to the X-X center line intersect each other. The central 
point P3 coincides with an intersecting point of extension 
lines of two adjacent suspension leads 6. The central 
point P3 also coincides with an intersecting point of 
extension lines of the four suspension leads 6. 
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The plural leads are divided into four lead groups, 
which are arranged around the die pad 5 so that two lead 
groups are opposed to each other. The leads 2 in two lead 
groups opposed to each other out of the four lead groups 
are arranged in the same direction as the X-X center line 
in the lead arrangement area. The leads 2 in the other two 
lead groups also opposed to each other are arranged in the 
same direction as the Y-Y center line in the lead 
arrangement area. The leads 2 in each lead group have 
inner lead portions and outer lead portions, which are 
integral and connected with each other through tiebars 3. 

The lead frame LF is formed by etching or pressing a 
flat plate to form a predetermined lead pattern thereon, 
the flat plate being formed of, for example, an iron (Fe) - 
nickel (Ni)-base alloy or copper (Cu) or a copper alloy. 

Next, a description will be given below about the 
manufacture of the semiconductor device 30A with reference 
to Figs. 11 to 18, of which: 

Figs. 11 and 12 are schematic plan views for 
explaining a chip bonding process; 

Fig. 13 is a schematic sectional view for explaining 
the chip bonding process, in which (A) is a schematic 
sectional view at a position corresponding to line a-a in 
Fig. 1 and (B) is a schematic sectional view at a position 



26 



corresponding to line c-c in Fig. 1; 

Figs. 14 and 15 are schematic plan views for 
explaining a wire bonding process ; 

Fig. 16 is a schematic sectional view for explaining 
a resin seal member forming process; 

Fig. 17 is a partially enlarged, schematic sectional 
view of Fig. 14; and 

Fig. 18 is a schematic sectional view showing a wire 
connected state using another microcomputer chip. 

First, as shown in Fig. 10, the lead frame LF is 
conveyed to a die bonding apparatus. Thereafter, as shown 
in Fig. 1, the microcomputer chip 10 is bonded and fixed to 
the lead frame LF. The bonding and fixing of the 
microcomputer chip 10 to the lead frame LF is performed by 
first applying an adhesive, which is say a thermosetting 
resin, onto a chip mounting surface of the die pad 5 and 
thereafter thermocompression-bonding the microcomputer chip 
10 onto the chip mounting surface of the die pad. At this 
time, positioning is performed so that the central point PI 
of the microcomputer chip 1 is positioned at the central 
point P3 of the die pad 5. 

Next, as shown in Fig. 12, the EEPROM chip 20 is 
bonded and fixed to the microcomputer chip 10. Bonding and 
fixing of both chips is performed by thermocompression- 



27 



bonding the EEPROM chip 20 to the microcomputer chip 10 
while interposing an adhesive layer 15 between the circuit- 
formed surface 10A of the microcomputer chip and the back 
side of the EEPROM chip 20, the adhesive layer 15 being 
formed by a thermosetting adhesive resin film for example. 
The adhesive layer 15 is affixed beforehand to the back 
side of the EEPROM chip. 

In this process, the EEPROM chip 20 is disposed on 
the circuit-formed surface 10A of the microcomputer chip 10 
in a deviated state of the central point P2 of the EEPROM 
chip from the central point PI of the microcomputer chip 20 
in order that the bonding wires 16 which connect the 
bonding pads 21 on the EEPROM chip 20 with internal lead 
portions of the leads 2 may become shorter. 

In this embodiment, as shown in Fig. 7, the bonding 
pads 21C for VCC and 21D for VSS on the EEPROM chip 20 are 
arranged on the side 10A3 of the microcomputer chip 10, 
while the bonding pads 21A for SDA and 21B for SCL on the 
EEPROM chip 20 are arranged on the side 10A1 of the 
microcomputer chip 10. Therefore, as shown in Figs. 13(A) 
and 13(B), the EEPROM chip 20 is disposed so that its 
central point P2 is positioned on the 10A3 and 10A1 sides 
of the microcomputer chip 10 with respect to the central 
point PI of the microcomputer chip 10. In this embodiment, 
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the EEPROM chip 20 is disposed in a state such that the 
central point P2 thereof is deviated, for example, 100 to 
150 [jim] to the 10A3 and 10A1 sides of the microcomputer 
chip 10 with respect to the central point PI of the 
microcomputer chip. An error in positioning accuracy of 
the die bonding apparatus is 50 [Aim] or so at most. 

Next, the lead frame LF is conveyed from the die 
bonding apparatus to a wire bonding apparatus and, as shown 
in Fig. 14, the bonding pads on the microcomputer chip 10 
and the inner lead portions of the leads 2 are electrically 
connected with each other through bonding wires 16, and 
thereafter the bonding pads 21 on the EEPROM chip 20 and 
the inner lead portions of the leads 2 are electrically 
connected with each other through bonding wires 16. As the 
bonding wires 16 there are used gold (Au) wires for example. 
For the connection of bonding wires 16 there is used, for 
example, a ball bonding method which uses ultrasonic 
oscillation in combination with thermocompression bonding. 

In this process, as shown in Fig. 15, the position of 
the underlying microcomputer chip 10 and that of the 
overlying EEPROM chip 20 are recognized by a CCD camera 31 
and then on the basis of these position data the position 
of the bonding pads 11 on the microcomputer chip 10 and 
that of the bonding pads 21 on the EEPROM chip 20 are 
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checked, thereafter, winding bonding is performed. Since 
the position of the overlying EE PROM chip 20 is detected by 
bringing an optical lens of the CCD camera 31 into focus 
with the underlying microcomputer chip 10, if the overlying 
EEPROM chip 20 is thick, the focusing range exceeds the 
depth of field of the optical lens, so that the image of 
the chip 20 blurs. If the image of the overlying EEPROM 
chip 20 blurs, there occurs an error in detecting the 
position of the chip 20, thus causing an error also in 
detecting the position of bonding pads 21. Consequently, a 
defective connection between the bonding pads 21 on the 
EEPROM chip 20 and the bonding wires 16 is apt to occur. 
Since in this embodiment the EEPROM thinner than the 
underlying microcomputer chip 10 is used as the overlying 
chip, it is possible to suppress the occurrence of an error 
in detecting the position of the EEPROM chip 20 which error 
is caused by the blur of image. Further, since the 
adhesive layer 15 is interposed between the microcomputer 
chip 10 and the EEPROM chip 20, it is desirable that the 
distance from the circuit-formed surface 10A of the 
microcomputer chip 10 to the circuit-formed surface 20A of 
the EEPROM chip 20 be set smaller than the thickness of the 
chip 10. In this embodiment the adhesive layer 15 is 
formed by using a bonding resin film. The use of the 
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bonding resin film permits the adhesive layer 15 to be 
formed thinner than in forming the adhesive layer 15 by 
applying an adhesive to the circuit-formed surface of the 
microcomputer chip 20. That is, by using a bonding resin 
film as the adhesive layer 15 interposed between the 
microcomputer chip 10 and the EEPROM chip 20, the distance 
from the circuit-formed surface 10A of the microcomputer 
chip 10 to the circuit-formed surface 20A of the EEPROM 
chip 20 can be shortened in comparison with the case where 
the adhesive layer is formed by the application of an 
adhesive . 

In this process, plural bonding pads 21A for SDA and 
2 IB for SCL are formed along the side 2 0A1 of the EEPROM 
chip 20. Further, plural bonding pads 21C for VCC and 21D 
for VSS are formed along the four sides (20A1, 20A2, 20A3, 
20A4) of the EEPROM chip 20. Therefore, it is possible to 
select a bonding pad 21 located at the shortest distance 
from the tip of an internal lead portion of the lead to be 
connected, thus making it possible to shorten the length of 
the bonding wire 16 which connects the bonding pad 21 on 
the EEPROM chip 20 and the inner lead portion of the lead 2 
with each other. 

Next, the lead frame LF is conveyed from the wire 
bonding apparatus to a molding apparatus, in which the lead 



31 



frame is positioned between an upper die 35A and a lower 
die 35B of a molding die 35. At this time, the 
microcomputer chip 10, EEPROM chip 20, inner lead portions 
of the leads 2, bonding wires 16, and chip support member 
(die pad 5, suspension leads 4) are disposed in the 
interior of a cavity 36 of the molding die 35. 

Next, resin is poured into the cavity from a pot in 
the molding die 35 through a runner and an inlet gate to 
form a resin seal member 17. At this time, the 
microcomputer chip 10, EEPROM chip 20, inner lead portions 
of the leads 2, bonding wires 16, and chip support member 4 
are sealed by the resin seal member 17. 

Next, the tiebars 3 connected to the leads 2 are cut, 
then the outer lead portions of the leads 2 are subjected 
to plating, then cut off from the frame body 1 of the lead 
frame LF and then formed into a gull wing shape, thereafter 
the suspension leads 6 are cut off from the frame body 1 of 
the lead frame LF, whereby the semiconductor device 30A 
shown in Figs. 1 to 5 is almost completed. 

In what order the bonding pads 11 on the 
microcomputer chip 10 are to be arranged, differs depending 
on the type of the microcomputer chip concerned. For 
example, as shown in Fig. 17, the bonding pad 11A for SDA 
on the microcomputer chip 10 used in this embodiment is 
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located at the fifth position from the right-hand end of 
the side 10A1 of the chip 10 and the bonding pad 11B for 
SCL is located at the fourth position from the right-hand 
end of the side 10A1 of the microcomputer chip 10. On the 
other hand, in the case of a microcomputer chip 10 of a 
different type, as shown in Fig. 18, the bonding pad 11A 
for SDA is located at the fourth position from the right- 
hand end of the side 10A1 of the microcomputer chip 10 and 
the bonding pad 11B for SCL is located at the fifth 
position from the right-hand end of the side 10A1 of the 
microcomputer chip. In such a case, in what order terminal 
functions of the leads 2 are to be arranged also differs 
correspondingly to the order of arrangement of the bonding 
pads 11, resulting in that a bonding wire 16 which connects 
a bonding pad 21A for SAD on the EE PROM chip 20 with a lead 
2A and a bonding wire 16 which connects a bonding pad 21B 
for SCL on the EEPROM chip 20 with a lead 2B cross each 
other. In the EEPROM chip 20 used in this embodiment, 
however, since two bonding pads 21A interconnected 
electrically are disposed respectively at both ends of the 
bonding pad 11B for SCL, it is possible to effect wire 
bonding without crossing of bonding wires 16, as shown in 
Fig. 18. 

According to this embodiment, as described above, 
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there can be obtained the following effects. 

(1) An electrical connection between the microcomputer 
chip 10 and the EEPROM chip 20 is made using an inner lead 
portion of a lead 2 and two bonding wires 16 in the 
interior of the resin seal member 17. According to this 
configuration, a lead frame developed in conformity with 
the microcomputer chip 10 can be used as it is and hence it 
is not necessary to newly develop a lead frame for each 
type of the microcomputer 10, nor is it necessary to 
develop each type of a microcomputer chip provided with 
EEPROM bonding pads for electrical connection with the 
EEPROM chip 20. As a result, it is possible to reduce the 
cost of the semiconductor device 30A. 

(2) The EEPROM chip 20 is thinner than the microcomputer 
chip 10. According to this configuration, in the wire 
bonding process it is possible to suppress the occurrence 
of a positional error at the time of detecting the position 
of the EEPROM chip 20 with the CCD camera which error is 
caused by the blur of image. As a result, it is possible 
to suppress a connection defect between the bonding pads 21 
on the EEPROM chip 20 and the bonding wires 16, thus 
permitting the improvement in yield of the semiconductor 
device 3 OA. 

(3) Plural bonding pads 21A for SDA and 21B for SCL are 
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formed along the side 20A1 of the EEPROM chip 20. Further, 
plural bonding pads 21C for VCC and 21D for VSS are formed 
along the four sides (20A1, 20A2, 20A3, 20A4) of the EEPROM 
chip 4. According to this configuration, it is possible to 
select a bonding pad 21 located at the shortest distance 
from the tip of the inner lead portion of the lead 2 to be 
connected and hence possible to shorten the length of the 
bonding wire 16 which connects the bonding pad 21 on the 
EEPROM chip 20 with the inner lead portion of the lead 2. 
As a result, it is possible to suppress the flow of wires 
caused by the flow of resin poured into the cavity 36 and 
hence possible to suppress short-circuiting of wires caused 
by the flow of wires, thus permitting the improvement in 
yield of the semiconductor device 30A. 

(4) A bonding pad 11B for SCL is disposed between two 
electrically interconnected bonding pads 21A for SAD. 
According to this configuration, wire bonding can be 
effected without crossing of bonding wires 16. 

(5) Serial data are written into the non-volatile memory 
unit of the EEPROM chip 20 by operation of the 
microcomputer chip 10. According to this configuration, 
the number of signal transfer paths which provide 
electrical connections between the EEPROM chip 20 and the 
microcomputer chip 10 can be reduced, thus making it 
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possible to reduce the number of leads 2. 

Although in this embodiment reference has been made 
above to an example in which the position of the central 
point P2 of the EEPROM chip 20 is deviated with respect to 
the central point PI of the microcomputer chip 10 for the 
purpose of shortening the length of each bonding wire 16, 
the EEPROM chip 20 may be displaced with respect to the 
microcomputer chip 10 so that two contiguous sides of the 
microcomputer chip 10 and one side of the EEPROM 20 
confront each other. That is, the EEPROM chip 20 is 
disposed in such a manner that the side thereof is at an 
acute angle to the sides of the microcomputer chip 10 to 
shorten the length of bonding wires 16 which connect the 
bonding pads 21 on the EEPROM chip 20 with the internal 
lead portions of the leads 2. 
(Second Embodiment) 

Fig. 20 is a schematic sectional view of a principal 
portion of a semiconductor device according to the second 
embodiment of the present invention and Fig. 21 is a 
schematic plan view showing a stacked state of two 
semiconductor chips (a microcomputer chip and an EEPROM 
chip) . 

As shown in Figs. 20 and 21, a semiconductor device 
30B of the embodiment is of about the same configuration as 
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that of the previous first embodiment, except the following 
points : 

Bonding pads 21 formed on an EE PROM chip 20 are 
larger in plane size than bonding pads 11 formed on a 
microcomputer chip 10. More specifically, the size S21X of 
each bonding pad 21 in X direction of the EEPROM chip 20 is 
larger then the size S11X of each bonding pad 11 in X 
direction of the microcomputer chip 10, i.e., S21X>S11X. 
Also in Y direction there exists a relation of S21Y>S11Y. 
According to this configuration, in the wire bonding 
process it is possible to correct an error caused by the 
blur of image at the time of detecting the position of the 
EEPROM chip 20 with a CCD camera. Therefore, it is 
possible to suppress the occurrence of a connection defect 
between the bonding pads 21 on the EEPROM chip 20 and 
bonding wires 16. As a result, there can be attained an 
improvement in yield of the semiconductor device 30B. 

In the case where wire bonding is performed while 
adjusting the CCD camera so as to be in focus with the 
bonding pads on the EEPROM chip 20, the relation in size 
between both chips becomes reverse, i.e., S21X<S11X, 
S21Y<S11Y. However, the previous relations are more 
effective because the number of bonding pads on the 
microcomputer chip 10 is larger than that of the EEPROM 
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chip 20. 

(Third Embodiment) 

Fig. 22 is a schematic sectional view of a 
semiconductor device according to the third embodiment of 
the present invention, Fig. 23 is a partially enlarged, 
schematic sectional view of Fig. 22, and Fig. 24 is a 
schematic plan view of a principal portion, showing a wire 
connected state. 

As shown in Figs. 22 to 24, a semiconductor device 
30C of this embodiment is of about the same configuration 
as that of the first embodiment, except the following 
points : 

A bonding wire 16 for connection between each bonding 
pad 21 on an EEPROM chip 20 and an inner lead portion of 
each lead 2 is connected in accordance with a reverse 
bonding method in which the lead 2 is the first bonding 
side and the bonding pad 21 is the second bonding side. 
Each bonding pad 21 on the EEPROM chip 20 is formed in a 
rectangular shape in which its side 21X located in an 
extending direction of a bonding wire 16 is longer than its 
side 21Y opposed to the tip of an inner lead portion of a 
lead 2. The bonding pads 21 are larger in plane size than 
bonding pads 11 formed on the microcomputer chip 10. In 
comparison with the bonding pads 11 on the microcomputer 
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chip 10, the side 2 IX of each bonding pad 21 on the EEPROM 
chip 2 0 located in the extending direction of a bonding 
wire 16 is larger than a side 11X of the bonding pad 11 
located in the extending direction of the bonding wire 16. 

By thus forming each bonding pad 21 on the EEPROM 
chip 20 in a rectangular shape wherein its side 21X located 
in the extending direction of a bonding wire 16 is longer 
than its side 21Y opposed to the tip of the inner lead 
portion of a lead 2, it is possible to easily effect the 
connection of the bonding wire 16 in accordance with the 
reverse bonding method. Because of reverse bonding, the 
bonding wire 16 has a first portion extending in a 
direction substantially perpendicular to a circuit-formed 
surface 20A of the EEPROM chip 20 and a second portion 
extending substantially in the direction of the circuit- 
formed surface 20A, the first portion being positioned not 
on the circuit-formed surface 20A but on the lead 2. 

Although the present invention has been described 
concretely on the basis of the above embodiments, the 
invention is not limited to those embodiments, but various 
modifications may be made within the scope not departing 
from the gist of the invention. 
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